Introduction: Cholangiocarcinoma is the second most common malignant neoplasm of the hepatobiliary system. During cholangiocarcinogenesis phenotypic changes occur in the ductal epithelium, including the expression of mucins (MUC). However, the evaluating studies of the expression of mucins in the different stages of cholangiocarcinogenesis are scarce. CD56 has also contributed in differentiating benign ductal proliferation and cholangiocarcinoma; however, its expression has not been evaluated in dysplastic epithelium of the bile duct yet. Objective: To assess immunohistochemical profile of (MUC) 1, 2, 5, 6, and CD56 in cholangiocarcinoma, pre-neoplastic and reactive lesions in the epithelium of intrahepatic bile ducts. Material and methods: Immunohistochemical expression of MUC 1, 2, 5, 6, and CD56 were studied for 11 cases of cholangiocarcinoma and 83 intrahepatic bile ducts (67 reactive and 16 dysplastic). Variables were considered significant when p < 0.05. Results: The expression of MUC1 occurred in about 90% of the cholangiocarcinomas, contrasting with the low frequency of positive cases in reactive and dysplastic bile ducts (p < 0.001). However, there was no statistically significant difference in the expression of MUC5, MUC6 and CD56 between the reactive or dysplastic lesions and cholangiocarcinoma. The anti-MUC2 antibody was negative in all cases. Conclusions: MUC1 contributed for the differential diagnosis between cholangiocarcinoma and pre-neoplastic and reactive/regenerative lesions of intrahepatic bile ducts, and it should compose the antibodies panel aiming at improvement of these differential diagnoses. In contrast, MUC2, MUC5, MUC6 and CD56 were not promising in differentiating all the phases of cholangiocarcinogenesis.
introDuCtion Cholangiocarcinoma (CC) is the second most common malignant neoplasm of the hepatobiliary system. In most cases there is no associated etiologic factor, however diseases such as primary sclerosing cholangitis (PSC), intrahepatic lithiasis (IHL), and Caroli's disease (CD) show a well-established relationship with this neoplasm (17) . CC pathogenesis is mainly related to chronic inflammation of the ductal epithelium, which is very common in the diseases mentioned above, with subsequent continuous proliferation and malignant transformation of its cells (13) . In cholangiocarcinoma, similarly to that observed in both bowel and gastric adenocarcinoma, the carcinogenesis process comprises from reactive and dysplastic changes in the epithelium to invasive cancer (1) . Besides the recognition of morphological changes that precede invasive cancer, recent studies reveal that during the cholangiocarcinogenesis process, molecular and phenotypic changes of the ductal epithelium occur (22) . During this process, some cells may continue expressing their specific subtype of mucin, however, changes in the original expression pattern frequently occur (6) . Mucin (MUC) is a generic term used to refer to glycoproteins of high molecular weight, which can be found as structural components in most mucosal secretions that protect epithelial 10.5935/1676-2444.20140018 surfaces, as well as transmembrane proteins expressed on the apical surface of glandular and ductal structures of several organs (9) . Different kinds of mucins have been described in some cancers (2) . In bile ducts, mucin 5/6 is more often expressed in dysplastic epithelium and CC than in the reactive epithelium (15) . In the other hand, MUC1 is observed in dysplastic epithelium and invasive CC, and it is associated with the presence of metastasis, loss of differentiation, invasive growth, and lower survival rate (10, 14, 23) . However, there are still few studies that evaluate the expression of mucins in the different phases of cholangiocarcinogenesis.
The neuronal cell adhesion molecule (NCAM) CD56, has also contributed in differentiating benign proliferations (reactive ductules, focal nodular hyperplasia, and bile duct adenomas) and cholangiocarcinoma (5) . Nevertheless, its expression has still not been evaluated in dysplastic epithelium of the bile ducts.
oBJECtivES
To assess the immunohistochemical profile of mucins 1, 2, 5, 6, and CD56 in cholangiocarcinoma and in reactive and dysplastic lesions of intrahepatic bile ducts.
MAtEriAL AnD MEthoDS
11 CC cases and 83 of intrahepatic bile ducts, previously classified by Zen et al. (24) as reactive (67) and dysplastic (16), were selected from files of Anatomical Pathology Service at Hospital Universitário Clementino Fraga Filho (HUCFF)-Pathology Department/UFRJ. Among the dysplastic ones, biliary intraepithelial neoplasia ("BilIN") grades 1 and 2 were considered, which were assessed together, depending on the number of cases. Out of these, 11 patients had PSC, 11 had intrahepatic lithiasis, and 4 Caroli's disease. The selected cases were originated from surgical specimens of liver transplantation, lobectomy or segmentectomy.
Only the CC that showed immunoreactivity for CK 7 ≥ 80% of tumor tissue were included in this study, while for CK20 and chromogranin A, a positivity ≤ 5% of the tumor surface was admitted. CC were classified as: well, moderately, and poorly differentiated, according to the WHO criteria (12) .
Immunohistochemistry -All primary antibodies were originating from Novocastra, Newcastle/UK (Table 1) . Novolink, Novocastra, Newcastle/UK, RE7140-CE detection system was used.
Criteria for evaluation of immunohistochemical reactions -reactions were considered positive when > 5% of cells showed cytoplasmic positivity for all antibodies used, except for the MUC1 which positivity was luminal and/or cytoplasmic, whereas CD56 was membrane antibody-positive.
Statistical analysis was performed using the G test, and the differences between variables were considered significant when p < 0.05. 
rESuLtS
The anti-MUC1 antibody was positive in 90% of CC cases (2/2 well, 5/6 moderately, and 3/3 poorly differentiated), (Figure 1) , contrasting with the low frequency of positive cases for the other diagnoses (reactive and dysplastic), which difference was statistically significant p < 0.001 ( Table 2 ). The anti-MUC2 antibody was negative in all cases regardless of diagnosis. Despite the higher percentage of positive staining for anti-MUC5 ( Figure 2 ) and anti-MUC6 antibodies have been observed in dysplasia cases, this difference was not statistically significant in relation to positivity observed in the other diagnoses (Table 2 ). For anti-CD56 antibody expression (Figure 3) , no significant differences in diagnoses expression were observed (Table 2) . compared to reactive and dysplastic epithelial lesion of the bile ducts. In the biliary tract, the physiological expression of MUC1 occurs only in early fetal development (16) . However, this mucin may be expressed again in CC, as demonstrated in 97% of cases studied by Sasaki et al. (15) , this findings were also confirmed by other authors (1, 22) . We also point out that this mucin was expressed in cholangiocarcinoma regardless of the degree of histological differentiation, contrary to that observed by other authors (10) , which showed lower expression in the well-differentiated CC. The few cases of well-differentiated CC in this study (2) were positive, but the sample size does not permit a comparative assessment with other results. Regarding the dysplastic epithelium, initial studies showed MUC1 luminal expression in 29% of the studied lesions, when there was no standardization of morphological characterization of bile duct epithelial dysplasia (15) . In 2006, after the introduction of biliary intraepithelial neoplasia concept (BilIN), Zen et al. (23) demonstrated MUC1 expression in 26% of BilIN cases, and lack of expression in normal biliary epithelium, reinforcing the evidence that there is increase of MUC1 expression during cholangiocarcinogenesis. Our results differ from the literature, because we observed only one dysplasia case that was MUC1 positive, among 16 cases (6.3%). However, the authors mentioned above, have analyzed larger samples, respectively 24 dysplasia in Sasaki et al. (15) study, and 38 BilIN in Zen et al. (23) study. In addition, the criteria used by Sasaki et al. (15) to characterize dysplasia differ from those used in this study. Another factor that probably contributed to impair the comparison between results refers to the sample, since Zen et al. (23) analyzed only large intrahepatic bile ducts in patients with IHL, while we evaluated septal and interlobular bile ducts of patients with PSC, IHL and Caroli's disease. We found 7.5% of MUC1 expression in reactive lesions, contrasting with that observed by others (23) . Thus, we consider that this mucin was not useful for differentiating reactive and dysplastic lesions, although it has been very useful for the characterization of CC.
MUC2 was not expressed in any type of lesion, either reactive or neoplastic nature, although it has been demonstrated by other authors in intraductal papillary cystadenocarcinoma and cholangiocarcinoma of the biliary tract (18) . However, these studies presented a large numbers of extrahepatic or hilar CC cases (10, 14) , contrasting with this sample that was represented solely by intrahepatic nodules or masses. Nonetheless, Suh et al. have also described CC similar to those we studied, such as MUC1 positive and MUC2 negative (18) . The phenotypic variations observed in different CC sites in the biliary tract, probably derived from its origin in various progenitor cells (3) . Regarding to the reactive and dysplastic lesions, there are reports of positivity in about 29% of the cases (15) . Again, the criteria for dysplasia characterization used by these 
DiSCuSSion
In this study, MUC1 was expressed in 90.9% of CC. This result is relevant because it is statistically significant (p < 0.001), when authors differ from those used in this study, probably contributing to different results. Zen et al. (23) , also highlighted the use of MUC2 for the study of precursor lesions of the biliary epithelium, but with restricted expression to those related to morphological papillary-CC. We emphasize that this study was not designed in papillary preneoplastic lesions.
We found a higher expression of mucins 5 and 6 in dysplastic lesions, which were 62.5% positive for MUC5, followed by in 54.5% CC. MUC6 was positive in 31.3% of dysplasias, and 18.2% in CC. Several authors demonstrated higher expression of these mucins in both CC and dysplastic epithelium, emphasizing that they are important in characterizing biliary and pancreatic pre-neoplastic lesions (7, 11, 15, 20, 21, 24) . Although these results apparently substantiate the usefulness of mucins 5 and 6 in the characterization of preneoplastic lesions, we observed that both were also expressed in reactive epithelium in 40.3% and 11.9%, respectively. Up to now, studies describing the expression of gastric mucins in reactive biliary epithelium were not found in the literature (15, 23, 21) . Thus, gastric mucin expression in the reactional epithelium of intrahepatic bile ducts, associated with the lack of statistical significance of dysplasia expression, points to a limited role of these mucins in distinguishing reactive and pre-neoplastic lesions.
The initial works of CD56 expression in biliary tract showed high percentages of positivity of this marker in proliferated bile ductules in cases of extrahepatic biliary atresia and other causes of cholestasis in pediatric patients (4, 8, 19) . Gütgemann et al. (14) found expression in 70.5% of biliary adenomas and in 12.5% of CC, leading them to suggest that this marker would be useful to differentiate CC from other proliferative and ductal epithelium benign lesions. Our results do not support the usefulness of this antibody in differentiating malignant neoplasm (CC) of biliary precancerous and reactive lesions, since CD56 was expressed, with no statistically significant difference between them.
ConCLuSion
MUC1 have contributed in differentiating cholangiocarcinoma and pre-neoplastic and reactive lesions of intrahepatic bile ducts, and should compose the antibodies panel to be used aiming at the improvement of these differential diagnoses. In contrast, MUC2, MUC5, MUC6, and CD56 immunoexpressions were not promising in differentiating between the different stages of cholangiocarcinogenesis. 
